SUMMARY Thin-layer chromatography has been used to identify phospholipids extracted from canine synovial fluid, the major component (45%) being phosphatidyl choline (PC). The extracts and their components have been shown to be surface active in reducing the surface tension of water and to be readily adsorbed to hydrophilic solids, whose surfaces then become hydrophobic. These adsorbed monolayers of synovial surfactant were then found to be excellent boundary lubricants in vitro, reducing the coefficient of kinetic friction ([t) 
conditions of high-load bearing when any mucin layer or hydrodynamic film is more likely to be penetrated and allow asperities from one solid surface to make contact with the other. Moreover, the lubrication of weight-bearing joints is unaffected by hyaluronidase even though it reduces the viscosity of synovial fluid. ' Thin-layer chromatography. Two-dimensional thin-layer chromatography (TLC), as described in detail by Skipski et Control standards of all the major phospholipid subgroups were spotted parallel to the rise of each phase to verify spot identification.
Phosphorus analysis. After each spot was circled and identified it was scraped off the TLC plate into an extraction tube and anlysed for its phosphorus content by the exact procedure described in detail by Rouser et Friction test. The method adopted for assessing the ability of the surfactants to reduce friction between moving surfaces was a standard test23 used for the similar task of testing similar cationic surfactants as 'sizes' for textile fibres. This has been modified slightly'7 to accommodate the slower speeds (36 r.p.m.) of slippage more appropriate to physiological movement. Any shearing of fibres would err on the conservative side by elevating ,t.
The test is based on measuring the force (F) needed to prevent movement of a dry yarn passing over a dry rotating pulley on which it continually slips (Fig. 1) . The coefficient of kinetic friction (R) is then derived from the following equation32:
FIW= e"6 (1) where 0 is the angle (in radians) by which the yarn is diverted in passing over the pulley and W is the counterweight.
The yarn used was cotton carboxylated according Monoloayer deposition. The motor-drive pulley shown in Fig. 1 is a cylindrical glass tube (1.5 cm diameter) on to which the same surfactant used to coat the yarn was deposited as an orientated monolayer according to the standard procedure of Blodgett38 as modified by Gaines.39 Its solution (1 ml) was applied to the surface (209 cm2) of saline in a Langmuir trough, the solvent evaporating to deposit the surfactant, which was then compressed by 40% to form a monolayer. This was transferred to the immersed glass tube as it was slowly raised, while the movable barrier was further advanced to maintain constant surface tension. Glass surfaces were cleaned meticulously by standard procedurest7 prior to coating.
Friction-test procedure. Each clean glass cylinder was placed in the friction tester with an uncoated carboxylated yarn as shown in Fig. 1 and the force F measured three times by a force-displacement transducer (Grass Model lOD), the pulley being stopped between each measurement. The control yarn and glass cylinders were then coated with surfactant or extract as described above and the test repeated three times. The whole procedure of six measurements was repeated three to four times starting each time with a different glass cylinder and carboxylated cotton fibre -with three pulleys and three yarns per sample for 12-18 runs in total. The foregoing was repeated for each synovial extract, each component and the mixture of synthetics best approximating the natural composition ( Fig. 1 ) was Table 2 found to be directly proportional to the weight (W), the angle (0) being kept contant (Fig. 3) . These results tend to confirm equation 1, which was then used to evaluate the coefficient of kinetic friction ([t) for all synovial extracts ( Table 2) . The reduction in ,u averaged 90% in the synovial extracts, which exceeded that for most of the individual components except the major component (PC) for which the reduction reached 99%. In all cases the reduction in ,u was statistically significant according to the Student's t test (p> 0.0005).
Discussion
The TLC analysis of synovial fluid has identified many of the same groups of phospholipids found in many other body fluids and organs,43 while the subsequent phosphorus determinations have shown each to be present far in excess of the amount needed to give a monomolecular layer of that component in the joint. The major constituent is phosphatidyl choline (PC) ( Table 1) , although lower than in lung washings" but comparable to the composition of pleural fluid in which the same surfactants have been implicated as effective boundary lubricants. '7 The basic tests of surface activity used in this study showed that synovial extracts were effective in reducing the surface tension of water, especially on film compression, but not to the very low values often attributed to lung lavage extracts4" or their most active component -PC.
Teleologically this is compatible, since there is no air-fluid interface in the joint capsule, and any surface activity is more likely to be associated with solid surfaces to which surfactants can be directly adsorbed. Phospholipid adsorption to various surfaces has been demonstrated in vitro, including various synthetic surfaces,45 pulmonary and cutaneous epithelium, 37 and the gastric mucosal lining.36 The contact angle measurements in this study indicate that the synovial extracts have about the same capibility of being adsorbed. When adsorption occurs, the surface must attract the hydrophilic moiety of the surfactant molecule, as depicted in Fig. 4 , thus orientating the fatty acid chains outwards to give a hydrocardon layer which is easily detected as hydrophobic (Fig. 4) . The acid polysaccharides incorporated into cartilage should provide ample negative sites for effective adsorption of the zwitterions -just as proposed21 for adsorption of essentially the same surfactants on to the mucins bound into the alveolar surface.46
The nature of the dipole in the zwitterion orientates the adsorbed molecule so that, when compacted with its neighbours, it produces a hydrocarbon outer surface (Fig. 4) with the ability to lubricate sliding against a similar surface much as one experiences when rubbing together two layers of polyethylene sheet. This invokes the original model of boundary lubrication proposed by Hardy.22 Load bearing is dependent upon cohesion of the adsorbed film, and it is interesting to note how this could be enhanced in the model in Fig. 4 The molecular features of surface-active phospholipids described above and illustrated in Fig. 4 would indicate that such surfactants should be very good boundary lubricants. This is essentially reflected in the results given in Table 2 
